Gastrointestinal tract-secreted satiety hormones play a significant role in one of the largest health-care challenges for children and adults, obesity. Recent studies in mice identified a novel role for uroguanylin, the endogenous intestinal hormone that binds guanylyl cyclase C (GUCY2C), in regulating satiety via a gut-brain signaling pathway. Mice bred without GUCY2C receptors over-ate and developed obesity. We hypothesized that intestinal uroguanylin expression in pediatric patients with obesity would be lower than patients without obesity, and we attempted to examine the difference with immunohistochemistry. Retrospective chart review of gastrointestinal endoscopic procedures at an academic children's hospital identified patients with normal pathology findings on biopsy. Children aged 8-17 were included in the review; we analyzed biopsy samples from 20 matched pairs that differed only by body mass index (BMI)-for-age (average: 25%-75% vs. high: >95%). Biopsies of the duodenum, terminal ileum, ascending colon, and descending colon were subjected to immunohistochemistry for GUCY2C, uroguanylin, and the endogenous colonic hormone, guanylin. Intensity staining of all specimens was scored by a blinded pathologist. The overall staining intensity for females with high BMI-for-age was less for uroguanylin and guanylin as compared to average BMI-for-age females while GUCY2C staining was equal. Males did not exhibit different staining intensities for uroguanylin or guanylin. More matched female pairs had greater uroguanylin and guanylin staining in the average BMI-for-age cohort. The intestinal expression of uroguanylin, a key satiety hormone, appears to be diminished in female pediatric patients in the setting of obesity.
Introduction
Obesity is a major problem in health care, particularly in children and adolescents. [1] [2] [3] [4] [5] [6] In pediatrics, children with obesity are increasingly burdened with adult-typical diseases. 7, 8 Research focusing on prevention and etiologies of obesity has intensified. [9] [10] [11] [12] [13] [14] [15] Research on the development of satiety and appetite control, particularly in children, has included several gastrointestinal hormones. [16] [17] [18] [19] [20] [21] [22] [23] The control of appetite and satiety develops early in children and is one component of food intake self-regulation, a neuroendocrine-behavioral process important to controlling excess calorie consumption. [24] [25] [26] [27] [28] Understanding the satiety signaling pathway in children, and how it is affected by excess calorie intake and obesity, will inform efforts to prevent disrupted food intake self-regulation and impact the development of obesity.
The novel satiety hormone, uroguanylin, is expressed in the gastrointestinal tract. It is one of two endogenous ligands for the brush border enzyme Guanylyl cyclase C (GUCY2C) with primary action in the intestine. Guanylin is the other endogenous ligand, predominantly acting in the large intestine (colon). Ligand binding leads to production of cyclic-3' 5'-guanosine monophosphate (cGMP). Uroguanylin is the 16-amino acid active form of a peptide secreted as a 112-amino acid precursor and post-translationally modified to an 86-amino acid prohormone called pro-uroguanylin. Animal studies have shown the importance of GUCY2C and uroguanylin signaling for satiety and weight gain in obesity; 16, 17, 19, 21, 29 specifically, Valentino et al. demonstrate that the GUCY2C receptor knock-out mouse has increased weight gain and appetite compared to wild-type mouse, an effect mediated by uroguanylin. Folgueira et al. 16 demonstrate that uroguanylin levels in intestine and plasma are regulated by nutritional status in a leptindependent manner. In addition, adult human studies by Rodriguez et al. 30 demonstrate that in the context of morbid obesity, plasma concentrations of uroguanylin are decreased relative to subject adiposity. These studies suggest that where uroguanylin-GUCY2C signaling is interrupted, obesity develops due to increased intake of excess calories.
There is a lack of information about GUCY2C and uroguanylin expression and regulation in children. We have recently conducted studies in adolescents to measure circulating levels of pro-uroguanylin in the plasma of female adolescents with obesity as compared to age-matched controls without obesity. The secretion of uroguanylin appears to be suppressed in the obesity state in adolescents, implying a direct effect of obesity on satiety regulation and appetite. In the present study, we set out to determine differences in expression of uroguanylin and GUCY2C in intestinal tissues of adolescents with and without obesity using immunohistochemistry (IHC). Pediatric intestinal biopsy tissue specimens, previously obtained during endoscopy for clinical evaluation, are the platform we used to test this hypothesis.
The present study's objectives are (1) to review all elective outpatient upper/lower endoscopies performed at our institution during the last decade in order to select 20 age-, ethnicity-, and sex-matched pairs of patients, 1 per pair with and without obesity, who had normal biopsy tissue findings; (2) to prepare these biopsy tissues for immunohistochemical staining for uroguanylin, guanylin, and GUCY2C; and (3) to characterize expression by comparing intensity of staining as scored by a blinded pathologist.
We hypothesized that we would observe decreased staining for uroguanylin in children with obesity, indicative of a global downregulation of this novel satiety hormone during the pathophysiological changes that lead to the obesity state. We hypothesized that expression of guanylin would also be downregulated in obesity, confirming prior studies in the literature; and GUCY2C would be unchanged. We are the first to report findings on immunohistochemical staining of uroguanylin, GUCY2C, and its other ligand, guanylin, in human adolescent intestinal tissues.
Methods

Patient Selection/Chart Review/Tissue Collection
All protocols and procedures involving human subjects and review of protected health information were approved by the Nemours Institutional Review Board prior to the initiation of any part of the study. Using the electronic medical record, we generated a database of patients who underwent elective outpatient upper or lower endoscopy at the Nemours/Alfred I. duPont Hospital for Children between January 1, 2006 and September 30, 2014 at the same time (within 1 calendar day of the other procedure if not same day). Duplicate records were eliminated. Surgical pathology results were reviewed and classified as normal or abnormal by the study's gastroenterologist (AA) and the study's pathologist (DUC). Only patients with normal pathology results were organized into age-, sex-, and ethnicity-matched pairs. The pairs included 1 patient with a body mass index-(BMI)-for-age percentile between 25% and 75% at the time of the procedure and 1 patient with BMIfor-age percentile >95% at the time of the procedure. All BMI-for-age percentiles were based on Centers for Disease Control and Prevention growth charts, with the 25%-75% cohort representing average or typical size patients and >95% representing patients with obesity or morbid obesity. All patients selected for the study were coded in the database with a unique identifier that did not include any protected health information. The Department of Pathology was given the surgical pathology numbers for each selected patient's specimens that were collected from the tissue bank, and tissue blocks were transferred to the Nemours Histology Core to undergo IHC.
Antibody Selection
Custom polyclonal (rabbit anti-human) antibodies for IHC application were created via collaboration with Thermo Fisher Scientific (Waltham, MA) using the following sequences as immunogens: for uroguanylin, amino acids 75-90, (DLQPVCASQEASSIFK); and for GUCY2C, amino acids 55-68, (EDAVNEGLEIVRGR). Sequences were selected based on design intended to increase the applicability for IHC. The antigen target maps to the C-terminal end of the pro-uroguanylin segment of the peptide, and it does not overlap with the active ligand sequence which has a high cysteinecysteine-binding frequency. The GUCY2C target maps to the N-terminal ligand-binding extracellular domain on the surface epithelium. For the custom antibodies, briefly, pairs of New Zealand white rabbits were inoculated with 5 mg of each immunogen and subsequently boosted with 1 mg on a specified schedule (day 14, 28, and 42) and bled day 35, 56, and 58, concluding with a terminal bleed with ELISA evaluation at each step. Per Thermo Fisher Scientific, ''serial 1:4 dilutions of serum samples (1:195, 1:781, 1:3,125, 1:12,500, 1:50,000, and 1:200,000) were tested by ELISA in duplicate. Titers were reported as the reciprocal of the dilution factor of the serum samples and were defined as the highest dilution at which the absorbance (405 nm) remained above the pre-bleed (pre-immune) control value from the same animal. Anti-antigen antibodies were detected by indirect ELISA with unconjugated antigens passively coated on plates, probed with anti-IgG-HRP conjugate, and detected with ABTS substrate.'' For the uroguanylin antibodies, terminal bleed had a detection titer at 1:200,000 dilution for both rabbits; for the GUCY2C antibodies, titers of detection were 1:200,000 and 1:50,000 for each rabbit, and the 1:200,000 titer of detection rabbits were used for all experiments. The guanylin IHC was conducted with a commercially obtained polyclonal (rabbit anti-human) antibody (LS-B9726) from LifeSpan BioSciences (Seattle, WA) that was raised against amino acids 56-105 (FAPIPGEPVVPILCSNPNF PEELKPLCKEPNAQEILQRLEEIAEDPGTCEI), which map to the majority of the pro-guanylin (non-active guanylin) region of the peptide.
Immunohistochemistry
Formalin-fixed paraffin-embedded samples were obtained from the Nemours Department of Pathology. The samples were cut at 5 mm on a Leica RM2255 microtome (Leica, Buffalo Grove, IL) and floated onto Superfrost Õ Plus slides (Thermo Fisher Scientific, Fremont, CA). The sections were heat immobilized for 60 min at 60 C and stored at À20 C until ready to stain. Slides were equilibrated to room temperature. The slides were then placed on the Leica Bond RX Stainer (Leica, Buffalo Grove, IL) where they were dewaxed using Bond Dewax Solution (Leica, Buffalo Grove, IL) and then rinsed with Bond Wash Solution (Leica, Buffalo Grove, IL). Heat retrieval was done by using ER 1 (Leica, Buffalo Grove, IL) for all three antibodies. After which, the slides were stained using the Bond Polymer Refine Detection Kit (Leica, Buffalo Grove, IL). The slides were incubated in their prospective antibody, GUCY2C (Fisher Science Company, Pittsburgh, PA), Guanylin (LifeSpan BioSciences, Seattle, WA), and Uroguanylin (Fisher Science Company, Pittsburgh, PA), for 30 min, rinsed in Bond Wash Solution, followed by the Post Primary. The slides were rinsed in Bond Wash Solution and incubated in the Polymer. After additional rinses of Bond Wash, the slides were then developed in the kit's DAB, rinsed, and then counter-stained with Hematoxylin from the kit. The slides were rinsed in deionized water, removed from the Bond RX, placed on the Sakura Tissue-Tek The following antibody stains and controls were prepared for IHC on each patient sample: hematoxylin and eosin (H&E) staining in each of 4 anatomic locations (duodenum, terminal ileum, ascending colon, and descending colon); negative reagent control (omitting the primary antibody) IHC staining in 1 anatomic location (duodenum); positive control IHC staining using human small intestine for uroguanylin, human colon and intestine for GUCY2C, and human colon for guanylin; and IHC antibodies for uroguanylin, GUCY2C, and guanylin for patient specimens using appropriate anatomic locations ( Figure 1 ).
Pathologist Review and Scoring
The study pathologist, blinded to BMI-for-age cohort, age, sex, or ethnicity, scored all 310 slides and reviewed all H&E stains and negative reagent control and positive control slides for the study. For each patient, the pathologist reviewed H&E slides of the duodenum, terminal ileum, ascending colon, and descending colon; negative reagent control of the duodenum; uroguanylin stains (done on the duodenum and terminal ileum of all patients); guanylin stains (done on the ascending colon and descending colon of all patients); and GUCY2C stains (done on all four sites in every patient). Each immunohistochemically stained slide was scored using a three-tiered scoring system to evaluate intensity of the staining as follows: 1 indicates light diffuse staining, 2 indicates medium diffuse staining, and 3 indicates very intense diffuse staining. The staining was present in the epithelial cells and few stromal cells (most likely neuroendocrine cells). Staining was considered positive when present in the epithelial cells; it was mostly cytoplasmic and focally membranous. Scores were used to compare staining intensity for each of the three proteins between matched pairs, and overall between cohorts. Photographs of all slides were obtained using a Nikon Eclipse 80i microscope (Melville, NY).
Statistical Analysis
Descriptive statistics were used to report the patients whose tissues/specimens were reviewed and selected for immunohistochemical analysis. We conducted a univariate analysis of cohorts controlling for BMI-for-age percentiles to determine intensity staining pattern. A subsequent bivariate analysis, controlling for BMI-forage percentile between cohorts and sex within cohorts, compared the pathologist's scoring intensity; significance was calculated using Student's t test. To compare female pairs to female pairs in terms of intensity staining scores, we used 1-sided Fisher's exact test.
Results
Patient Demographics/Chart Review/ Tissue Collection
From January 2006 through September 2014, there were 11,085 upper or lower endoscopies performed at Nemours/ AIDHC as elective outpatient procedures (Figure 1 ). Of this group, 2080 had at least 1 upper and lower endoscopy concomitantly. Our review of these charts determined that 1585 patients met the inclusion criteria of age 8-17 years at the time of the procedure. These patients' charts were Patients with no prior endoscopies and no mucosal disease (normal pathology); n=254
Patients with BMI for age either 25%-75% or >95%; n=72 Age, sex, and ethnicity matched pairs with one patient in each BMI-for-age cohort; n=20 pairs Pathology department retrieves specimens from duodenum, terminal ileum, ascending colon, and descending colon; n=160
Pathologist evaluated all tissue specimens for integrity before de-identification, samples eliminated if deemed unsuitable; n=155
Histology core de-identified all specimens, prepared for immunohistochemistry, and completed staining: 155 specimens stained for GUCY2C, hematoxylin/eosin, and 40 negative controls; n=350 80 specimens stained for Uroguanylin (duodenum, terminal ileum); n=80 75 specimens stained for Guanylin (ascending colon, descending colon); n=75 Pathologist (blinded) scored all de-identified GUCY2C, guanylin, and uroguanylin antibody-bound slides for intensity of stain; n=310 Figure 1 . Patient selection and immunohistochemistry protocol. Electronic medical records from a 10-year period were examined for patients undergoing diagnostic endoscopy of the gastrointestinal tract. Patients with normal pathology meeting criteria for the study were selected and organized into matched pairs. Frozen biopsy specimens were subjected to immunohistochemistry using antibodies for guanylin, uroguanylin, and Guanylyl cyclase C (GUCY2C).
reviewed for pathology results from all biopsies. Two hundred fifty-four patients had no pathology on any biopsy specimen from their initial lower or upper endoscopy (16%). These records were sorted by BMI-for-age (either >95% or 25%-75%) and then sorted into age-, sex-, and ethnicity-matched pairs. From 72 patients with normal pathology who met criteria for age, we were able to identify 20 pairs matched by sex and ethnicity who had 1 patient in each pair with high BMI-for-age and 1 with average BMIfor-age. Demographics of the 2 cohorts are shown in Table   1 . Matched cohort pairs are listed in Table 2 . Five biopsy specimens out of 160 total specimens were not usable for the research project because of concern about sample integrity. The remaining 155 specimens were de-identified and prepared for IHC as noted in Methods. There were 155 specimens stained for GUCY2C, 80 stained for uroguanylin, and 75 stained for guanylin. All 5 of the specimens that were not usable were from the ascending or descending colon.
Immunohistochemistry
We were successful in staining previously obtained, formalin-fixed, paraffin-embedded, small intestine, and colon biopsy specimens with antibodies for GUCY2C, guanylin, and uroguanylin using IHC. Slides representing staining intensities of 1, 2, and 3 are shown in Figure 2 (a) to (c). Staining was predominantly seen in epithelial cells and was cytoplasmic. Figure 3 shows a representative pair of tissues from female (a, b) and male (c, d) patients, with (a, c) and without (b, d) obesity, stained for uroguanylin. We observed differences in staining within the female pair but not the male pair; this pattern was noted for uroguanylin staining in all pairs. Figure 4 is a similar representative pair of tissues from female (a, b) 
Stratified Pathology Scoring-Uroguanylin
We further stratified our analysis of pairs and overall scoring by sex. Examining each age-, sex-, and ethnicity-matched pair, 9/12 female pairs (75%) had greater uroguanylin staining intensity in the average BMI-forage cohort; 2/12 had greater uroguanylin staining intensity in the high BMI-for-age cohort, and 1/12 had staining that was scored equally. Of the 8 male pairs, only 2 (25%) had greater staining intensity in the high BMI-for-age group. Looking at any small intestine location scoring of intensity of uroguanylin staining in females, the high BMI-for-age cohort had 13/24 scoring ''1,'' 10/24 scoring ''2,'' and 1/24 scoring ''3.'' The average BMI-for-age cohort had 5/24 scoring ''1,'' 16/24 scoring ''2,'' and 3/24 scoring ''3.'' These differences were statistically significant (P < .03). Summative scoring for uroguanylin staining intensity in all small intestine sites (duodenum and terminal ileum) was greater in the average BMI-for-age cohort overall (1.92, Table 3 , P < .03) compared to the high BMIfor-age cohort (1.50); the difference was specific to female patients. Male patients had no difference (P ¼ 1.0) in staining intensity between cohorts when all small intestine sites were analyzed. 
Stratified Pathology Scoring-Guanylin
Examining each age-, sex-, and ethnicity-matched pair, 7/11 (63.6%) female pairs had greater guanylin staining intensity in the average BMI-for-age cohort (one pair had no available tissue for guanylin staining in the colon), 2/11 had staining intensity that was greater in the high BMI-for-age cohort, and 2/11 had staining that was scored equally between cohorts. Of the male pairs, 5/8 (62.5%) had greater staining intensity in the high BMIfor-age group. Looking at any colon location scoring of intensity of guanylin staining in females, the high BMIfor-age cohort had 4/21 scoring ''1,'' 16/21 scoring ''2,'' and 1/21 scoring ''3.'' The average BMI-for-age cohort of females had 3/23 scoring ''1,'' 9/23 scoring ''2,'' and 11/23 scoring ''3'' (3 specimens were not available for staining for guanylin in the high BMI-for-age cohort, 1 was not available for staining in the average BMI-for-age cohort). These differences were statistically significant (P < .003).
Summative scoring for guanylin staining intensity in all large intestine sites (ascending colon and descending colon) was greater in the average BMI-for-age cohort overall (2.35, Table 3 , P < .01) compared to the high BMI-for-age cohort (1.86); the difference was again more specific to female patients. Male patients had no difference in staining intensity (P ¼ . 19 ) between cohorts when all sites were analyzed overall.
Stratified Pathology Scoring-Guanylyl cyclase C
Examining each age-, sex-, and ethnicity-matched pair in the small intestine, 6/12 female pairs (50%) had greater staining intensity in the average BMI-for-age cohort; however, in 2 other pairs, the 2 cohorts had equal staining intensity. For males, 4/8 (50%) pairs had greater staining intensity in the average BMI-for-age cohort. Looking at overall (all locations) scoring of GUCY2C intensity staining in females, the high BMI-for-age cohort had 5/45 scoring 1, 34/45 scoring 2, and 6/45 scoring 3. The average BMI-for-age cohort of females had 4/47 scoring 1, 29/47 scoring 2, and 14/47 scoring 3 (3 specimens were not stained for GUCY2C in the high BMI-for-age cohort, 1 in the average BMI-for-age cohort). These differences were not statistically significant (P ¼ .14). Summative scoring for GUCY2C staining intensity in all small and large intestine sites was comparable between both cohorts (Table 3) . For female patients, the difference between cohorts for GUCY2C staining was not statistically significant both in the small intestine (P ¼ .56) and in the large intestine (P ¼ .24). For males, similar results were observed (Table 3 , P ¼ 1.0 for small intestine GUCY2C and P ¼ .46 for large intestine GUCY2C).
Discussion
Obesity is a multifactorial disease and remains a heavy burden on the health of children and adolescents. 2, 5, 6, 12 Extensive study of the cause of obesity, of how obesity develops, and of the risk factors for obesity has generated many potential paths for further research and therapeutic intervention. 1, 4, 31, 32 Key among the interventions and research efforts are understanding the role of appetite in obesity's development, and targeting early feeding and nutritional inputs for prevention of obesity. 2, 3, 8, 26, 28, 31, [33] [34] [35] [36] To prevent obesity, one strategy involves targeting satiety responsiveness early in childhood when the development of food intake selfregulation is unfolding, thus preventing excess consumption of calories. By understanding the mechanisms that drive satiety and what influences these mechanisms, we may be able to intervene before obesity can take hold.
Uroguanylin and GUCY2C are a novel gut hormonereceptor signaling pathway important in appetite/satiety and relevant to obesity. 17, 29, 30, 37, 38 Uroguanylin, an endogenous intestinal peptide controlling fluid homeostasis by paracrine secretion into the small intestinal lumen, has been demonstrated in mice to function outside of the gastrointestinal tract via an endocrine pathway. 21 Precursor (pro-) uroguanylin travels to the hypothalamus and binds GUCY2C, initiating a cGMP-controlled cascade of signaling that increases satiety in mice. 19, 21, 39 In humans, some initial data on the uroguanylin satiety pathway exist. 30 In this study, we aim to characterize intestinal expression of uroguanylin and guanylin and GUCY2C in the clinical setting of obesity. We use IHC and novel antibodies for uroguanylin and GUCY2C to identify staining in otherwise normal tissue from two groups of matched children/adolescents, one group with obesity and one without.
Review of a decade of records on diagnostic, outpatient endoscopic procedures involving the upper and lower gastrointestinal tract revealed that a small percentage of patients meet our inclusion criteria for normal histology ( Figure 1 ) and fewer for criteria such as age and average or high BMI-for-age. We were able to identify at least 40 patients with normal pathology results and sort them into matched pairs, with 1 patient in each pair average BMI-for-age and 1 high BMI-for-age. We were successful in immunohistochemical staining of all available tissues from these patients using a commercial guanylin IHC antibody, and custom-made uroguanylin and GUCY2C IHC antibodies. Staining of all specimens demonstrated gradation of intensity for each of the three proteins.
We observe uroguanylin, shown in an animal model to be suppressed in obesity 29 and in adult women with obesity to have decreased circulating pro-hormone concentrations, 30 to have diminished staining intensity in high BMI-for-age females (Figure 3, Table 3 ) but not males. These data suggest a decrease in expression in the small intestine of uroguanylin that would reflect less pro-uroguanylin secretion into the circulation. The concomitant reduction would diminish uroguanylin's pro-satiety effects. Other studies have examined gastrointestinal peptide expression in the setting of other pathology besides obesity; [40] [41] [42] these studies were in adults or animal models. The setting of obesity has also been used to examine distribution of gastrointestinal peptides such as GLP-1 in adult tissues. 43 To our knowledge, our study presents the first data on uroguanylin or GUCY2C staining in adolescent biopsy specimens with direct comparison between patients with and without obesity.
The inability to control or regulate food intake promotes the obesity state. It is not yet clearly demonstrated whether the development of obesity suppresses uroguanylin expression in humans or whether uroguanylin expression is suppressed by another mechanism, contributing to obesity. Animal studies imply that increased caloric intake leads to the obesity state (metabolic disruption/metabolic syndrome) by direct suppression of uroguanylin. 16, 17, 29 Future studies may elucidate the directional mechanisms in humans. The data presented here support the concept of loss of uroguanylin signaling due to excess calories (less satiety) leads to obesity-a positive feedback loop.
Guanylin, previously shown to be suppressed in the obesity state in animal models, 37 is observed to have diminished staining intensity in high BMI-for-age females (Table 3) but not males, suggesting a decrease of expression of guanylin in the colon in obesity. While guanylin is not known to travel extra-intestinally to regulate appetite, its decreased expression may be a marker for the effect of the obesity state on key regulatory peptides in the gut. Adult and animal studies have pointed to guanylin and GUCY2C's role in colorectal cancer. 37, 44 GUCY2C staining intensity is observed to be fairly consistent in all specimens studied, both in the small intestine and the colon (Figure 4) . In females, the small intestine GUCY2C staining scoring approaches statistical significance (P ¼ .06) for a difference between cohorts with and without obesity ( Table 3) . But overall, GUCY2C expression appears to be stable in obesity as compared to average BMI-for-age specimens, both within pairs and between cohorts. The implication is that the effects of obesity center on the signaling peptides and not the downstream receptor, echoing observations in animal models, 29, 37, 38 and recent studies in adults with obesity. 30 Our study has limitations. Polyclonal antibody IHC is limited in its specificity; however, the staining appears robust and graded across our specimens. Moreover, notable differences exist between cohorts. Our single-blinded pathologist utilized a standard scoring system; however, we did not corroborate scoring with a second blinded observer. We would consider our technique semiquantitative and attempted to make qualitative assessments of the staining. Future alternative approaches could include qRT-PCR or quantitative RNA-Fluorescence in situ hybridization. Some of our pairs did not have all four tissue specimens available, and we were not able to examine any other biopsy specimens from other locations from patients in this study. While our uroguanylin and GUCY2C antibodies are custom designed and had adequate negative and positive controls, this is their first use in immunohistochemical assays without prior demonstration of affinity or avidity. Our data are not able to explain the sex difference in tissue intensity staining but agree with our prior work. Lastly, we were not able to find a substantial number of pairs of patients with normal biopsy specimens and who met our inclusion criteria that were of a more diverse racial or ethnic background. This limits the generalization of our observations.
Uroguanylin is emerging as a gut peptide of importance in the control of satiety and the development or maintenance of the obesity state/metabolic syndrome. 19, 39 Ongoing animal studies and some limited human studies have begun to elucidate the mechanisms that link uroguanylin satiety signaling to obesity and to diet effects in the gut. Uroguanylin analogs are considered possible targets for therapeutic intervention in adults with obesity. 38 It was our hypothesis that uroguanylin is suppressed in high BMI-for-age individuals, as our prior data showed diminished secretion of its circulating precursor. We suspected that staining would mirror this pattern. We see decreased staining in the group of female patients who are high BMI-for-age for uroguanylin that implies a direct link between obesity and decreased satiety control through downregulation of uroguanylin expression.
The cellular mechanisms by which the obesity state and metabolic derangements cause decreased GUCY2C ligand expression and secretion have been hinted at in animal models 29 but remain to be discovered in humans. For children, particularly, the development of appetite and satiety is often an early life event. Changes in diet, calorie intake, gastrointestinal microbiota, and environmental influences may all contribute to the regulation and coordination of satiety signals. Food intake self-regulation develops in the milieu of these signals, and in the backdrop of an individual's genetic make-up. Future studies will focus on the uroguanylin-GUCY2C genotype differences between infants and children of different backgrounds and weights, as well as examine the gut-specific influences, such as nutrition and micro-flora, on the expression of satiety hormones such as uroguanylin.
